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The Relation of Acidity, Solids per 
Gallon, and Different Sources of Ser-
um Solids to the Physical and Chem-
ical Properties of High Serum 
Solids Ice Cream·=· 
-vv. H. E. REm, c. \V. DEcKER AND w. s. ARBucKLE 
INTRODUCTION 
Improved freezing and processing methods have encouraged the 
manufacture of ice creams of higher serum solids content. Condensed 
products are commonly used for increasing the serum solids content 
of the mix. As a result there has been an increase in the titratable 
acidity of the mix, due to an increase in the acid salts primarily, 
citrates, phosphates, lactates, and in some cases to the presence of 
lactic acid. The acidity may range from .20 to .45 per cent in the 
final mix, which suggests the standardization of the acidity, by the 
addition of basic mineral salts, to more nearly that of the natural 
acidity occurring in milk and cream. The use of fresh products in 
the mix requires the restoration of the salt balance of the acidic and 
basic mineral salts to a normal state. 
Several states have adopted dairy laws with minimum weights 
per gallon of ice cream and also total food solids. On a weight per 
gallon basis the range is from 4.75 pounds to 4.25 pounds. On a 
total food solids weight per gallon basis the range is from 1.80 to 
1.60 pounds. 'l'hese variations suggested a study of the effect of 
variable weights per gallon and total food solids contents per gallon 
upon the several properties of ice cream. 
REVIEW OF LITERATURE 
Tracy (1) t in a consumer acceptance study at Illinois found that 
a high serum solids ice cream of 13.50 per cent, a medium fat content 
of 14 to 16 per cent, a medium yellow color, and an ice cream with 
medium or high sugar content was preferred. The preference for 
vanilla varied greatly and a greater percentage of women than men 
showed a preference for ice cream with a pronounced flavor and a 
heavy body. Tracy (2) in a later study of consumer opinions re-
ported high overrun not only detracts from the quality of . the ice 
cream but also causes a loss in consumer confidence. Extremely 
*This investigation has been aided in part by a grant from the De Raef Corporation and 
appreciation is expressed for such assistance. .. .. 
tNumerals refer to Bibliography, page 48. 
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low overrun such as that which often results from dipping ice cream 
causes a soggy type of body. A general solution is offered of selling 
by weight. 
Reid, Drew and Arbuckle (3) found that increasing the serum 
solids of the mixes caused a relative increase in the pH, had no 
marked effect on the surface tension, and resulted in a relative in-
crease in the viscosity. Ice cream containing 14 per cent fat, 13 per 
cent solids and 14 per cent sugar was preferred of the series of 
mixes studied. Microscopic examination of the ice creams indicated 
that as the percentage of fat, serum solids, sugar or gelatin was 
increased, the ice crystals appeared relatively smaller. 
Roberts and Stoltz ( 4) conducted a quantity consumer preference 
experiment in ice cream and checked the results against the ques-
tionnaire and sample method. In all, 14 variables in plain ice cream 
were studied. In general it was found that the two methods gave 
similar results except in two cases. A preference was expressed for 
the higher serum solids ice cream (11-13 per cent) by the question-
naire and sample method, but when allowed to eat all the ice · cream 
they wanted, as was done under the quantity test, consumers ate 
more of the lower serum solids ice cream (9-11 per cent). The same 
contradiction occurred in the test in which some corn sugar was 
used. 
Bierman (5) studying the overrun, temperature, and composition 
of ice creams found that ice creams having an overrun of 60, 80, 90, 
100 and 118 per cent dipped 17, 15.4, 14.4, 14.1 and 13.5 quarts re-
spectively from five gallons of ice cream. Ice cream to possess best 
dipping qualities should have between 80 and 100 per cent overrun. 
Gelatin was found to have no effect on dipping, but high fat content, 
high sugar content and high milk solids-not-fat caused greater losses. 
Cole ( 6) made sections of ice cream with a rotary type of micro-
tone. His microphotographs caused him to conclude that an increase 
in total solids produced a smoother ice cream. 
Dahlberg (7) reports that air cells vary greatly in size, but can-
not be definitely related to texture. He found that increasing the 
amount of sugar improved the texture and that less ice was formed, 
due to a more concentrated solution. Milk fat, gelatin and casein 
retard the crystal growth due to mechanical obstruction. Miik fat 
.and milk solids-not-fat used in combination had more effect on tex-
ture than did either when used alone. 
Dahlberg (8) found that over 12 per cent milk solids-not-fat could 
be U:sed in ice cream and sandihess would not result, if millr,powder 
was added after the mix liad ·siarted to freeze. When the milk sugar 
'. ' . ' : : • • . ; . ·=-~·* • ' . . . 
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w.as removed from dry skim milk powder and the protein added to 
ice cream it caused a higher overrun. 
Reid (9) found that increasing the fat content of ice cream mixes 
had no effect on freezing temperature. As the sugar was increased 
the freezing point was lowered and a smoother texture was obtained. 
An increase in the milk solids-not-fat lowered the freezing point, 
increased the viscosity of the mix, and improved the stability of the 
finished ice cream and the ability of the mix to rapidly absorb heat 
units. 
Reid and Hales (10) found that the structure of ice cream was 
affected by an increase in per cent fat, solids-not-fat, sugar and 
gelatin. The texture of the resultant ice cream was changed from 
a coarse condition to a fine, crystalline physical structure. Using 
the petrographic microscope it was possible to identify crystalline 
and non-crystalline materials as they exist in ice cream. They ob-
served that fine texture in ice cream is associated with the presence 
of uniform angularly shaped ice crystals and jagged tapering air 
cell boundaries. 
Turnbow (11) stated that it was necessary to have proper propor-
tions of ingredients in ice cream to control crystallization. An in-
crease in total solids, rapid freezing and quick drawing from the 
freezer into pre-chilled containers necessitated rapid hardening and 
proper merchandising practices to insure the consumer of receiving 
ice cream with smooth texture. 
Dahle, Budge and Keith (12) find that the titratable activity of a 
mix is not a true indication of the amount of lactic acid present, 
and that the figures obtained for titratable acidity are meaningless 
unless the serum solids content is known. 
PROCEDURE 
This investigation has been carried out under commercial plant con-
ditions with laboratory control so that the results could be more readily 
applied by the industry. 
The same source of ingredients was used in all the mixes. The 
ingredients used included sweet milk and cream, dry milk solids, Pro-
lac powder, Minsol, and gelatin. The mixes were pasteurized at 155 
degrees Fahrenheit for 30 minutes, homogenized at 2500 pounds, 1650 
pounds and 850 pounds pressure in the first and second stages re-
spectively, and cooled to 40 degrees Fahrenheit. The mixes were aged 
one hour and frozen in a Vogt continuous freezer. Stainless steel 
equipment was used throughout this investigation. A glass electrode 
potentiometer was used in determining pH. The surface tension of 
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the mixes was determined by the use of the De Nouy apparatus. The 
viscosity was determined by the use of an Ostwald viscoimeter and the 
values calculated by the application of a known formula with cor-
rections for temperature. Technical control was carried out by a 
Mojoru1ier tester. 
The ice creams subsequent to hardening were tempered in com-
mercial ice cream cabinets at 4, 8, 12 and 16 degrees Fahrenheit. 
The judges were asked to place the ice creams with respect to flavor, 
body and texture preference, and in addition to make a final placing·. 
Each sample was judged at the four serving temperatures, and in 
addition all the samples of each series were judged at the same tempera-
ture and ranked numerically. The composition and serving tempera-
tures were not known to the consumers. 
The ice creams were dipped at the four serving temperatures using 
a size No. 24 Zeroll dipper. The ice creams were weighed, the number 
of dippers in a 2¥.! gallon container determined, and the average weight 
of the dishers was calculated. The packaged ice creams were drawn 
from the freezer at a overrun of 90 per cent while the bulk ice cream 
was drawn at an overrun of 100 per cent with the exception of Series 
III in which both the packaged and bulk ice creams were drawn on a 
total solids per gallon basis. 
Four pints of each sample of ice cream were used for stability ob-
servations. The ice creams were tempered at the four serving tempera-
tures and placed in a cabinet controlled at 85 degrees Fahrenheit 
where they were exposed for a period of 90 minutes. 
The texture of each of the samples of ice creams at the four serving 
temperatures was studied by taking macroscopic pictures of the broken 
inner surface of a pint of each sample of ice cream. Sections of five 
to ten microns in thickness were made with a modified microtone and 
placed on a glass slide using oil with a refracting index of 1.42. The 
photomicrographs were taken at a magnification of 100 diameters at 
hardening room temperature of -10 degrees Fahrenheit. 
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EXPERIMENTAL DATA 
Table 1 presents the mixtures used in this investigation. 
TABLE 1.-THE COMPOSITION OF THE DIFFERENT ICE CREAM MIXTURES AND 
WEIGHT OF THE ICE CREAM PER GALLON. 
Total Solids Weight per 
Serum Content Gallon of 
Fat Solids Sugar Gelatin per Gallon Ice Cream Acidity 
·---
Mixes Per Cent Per Cent P er Cent Per Cent Pounds P ounds Per Cent 
Series I 
1 12.00 13.50 14.00 0.30 1.80 4.52 .24 
2 12.00 13.50 14.00 0.30 1.80 4.52 .18 
3 12.00 13.50 14.00 0.30 1.80 4.52 .12 
4 12.00 13.50 14.00 0.30 1.80 4.52 .08 Ser ies II 
1 12.00 15.00 14.00 0.30 1.90 4.62 .24 
2 12.00 15.00 14.00 0.30 1.90 4.62 .18 
3 12.00 15.00 14.00 0.30 1.90 4.62 .12 
4 12.00 15.00 14.00 0.30 1.90 4.62 .08 
Series III 
1 12.00 15.00 14.00 0.20 2.06 5.00 .12 
2 12.00 15.00 14.00 0.20 1.90 4.62 .12 
3 12.00 15.00 14.00 0.20 1.77 4.30 .12 
4 12.00 15.00 14.00 0.20 1.65 4.00 .12 
Series IV 
Serum Solids Per Cent 
Milk Dry Milk Pro·Lac 
Cream Powder Powder 
1 12.00 6.00 3.00 6.00 0.30 1.90 4.62 .19 
2 12.00 6.00 6.00 3.00 0.30 1.90 4.62 .21 
3 12.00 6.00 9.00 o.oo 0.30 1.90 4.62 .31 
4 12.00 6.00 0.00 9.00 0.30 1.90 4.62 .12 
5 12.00 6.00 4.50 4.50 0.30 1.90 4.62 .23 
TABLE 2.-THE CHEMICAL AND PHYSICAL PROPERTIES OF THE DIFFERENT 
ICE CREAM MIXTURES. 
Surface Viscosity 
Sample Acidity Tension Coefficient of 
Number Per Cent pH in Dynes Specific in P oises 
Series I 
1 0.24 6.80 48.06 10.8 .0962 
2 0.18 6.90 48.06 12.4 .1105 
3 0.12 7.50 47.69 14.8 .1 319 
4 0.08 7.65 48.06 19.6 .1746 
Series II 
1 0.24 6.60 48.06 8.6 .0688 
2 0. 18 6.90 48.42 9.3 . 0744 
3 0.1 2 7-65 48.42 11.7 .0936 
4 0.08 8.50 48.06 16.7 .1336 
Series III 
1 0.12 7.70 48.79 12.6 .1123 
2 0.12 7.70 48.79 12.6 .1123 
3 0.12 7.70 48.79 12.6 .1123 
4 0.12 7.70 48.79 12.6 .1123 
Series IV 
1 0.19 6.75 49.89 27.0 .2552 
2 0.21 6.70 49.89 21.1 .1994 
3 0.31 6.45 49.89 30.0 .2835 
4 0.12 7.70 48.79 12.6 .1 123 
5 0.23 6.83 49.89 21.4 .2022 
Table 2 shows the chemical and physical properties of the different 
ice cream mixtures. The acidity was standardized with a standardiz-
ing agent to the desired values. It is interesting to note that the pH 
varied from 6.6 to 8.5 in relation to the acidity of the mixtures. The 
surface tension varied from 48.06 to 49.89 which would indicate that 
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acidity and variable sources of serum solids had but little influence on 
surface tension. The viscosity of the ice cream mixtures proved to be 
the most variable factor studied. Measurements are recorded both 
as specific in relation to water taken as unity and as a coefficient ex-
pressed in poises. Specific values ranged from 8.6 to 30.0 times as 
viscous as water and coefficient values ranged from .0688 to .2835. A 
definite relationship exists between acidity and viscosity in that as the 
acidity decreases from 0.24 to 0.08 per cent the viscosity increases pro-
portionately. 
The observations and comments of approximately 350 people are 
presented in the data which shows the effect of acidity and total solids 
weight per gallon on consumer acceptance. 
Series I. Relation of Acidity of 13.5 Per Cent Serum Solids Ice 
Cream to the Consumer Acceptance at Different Serv-
ing Temperatures. 
Table 3 shows the effect of a variation in acidity upon body and 
flavor observations of ice cream judged at different serving tempera-
tures. At 4 degrees Fahrenheit 0.08 per cent acidity was judged as 
being the most desirable. A majority of judges preferred ice cream 
with 0.12 and 0.18 per cent acidity, but 0.24 per cent acidity was 
criticized as being unnatural and lacking in richness. The body was 
described as being smooth and mellow to slightly crumbly and firm. 
At 12 degrees Fahrenheit ice creams containing 0.12, 0.18 and 0.24 
per cent acidity were described as being typical while 0.08 was un-
natural. In richness 0.12 acidity was described by the judges as the 
most typical and 0.08 was criticized as lacking. At 16 degrees Fahren-
heit 0.12 and 0.18 per cent acidity was judged as being typical in flavor 
while the flavor of 0.08 and 0.24 was judged as being unnatural. 
Table 4 shows the final observations and placings of the ice creams 
varying in acidities at the different serving temperatures. At 4 degrees 
Fahrenheit 61 per cent of the judges placed ice cream having 0.12 and 
0.18 per cent acidity as first, and 58 per cent 0.08 and 0.24 per cent 
acidity as first. At 12 degrees Fahrenheit, 36 per cent of the judges 
placed 0.08 per cent first while there was very little difference in 
choice between 0.12 and 0.18 per cent acidity, and 0.24 per cent was 
placed fourth. At 16 degrees Fahrenheit ice cream having 0.18 per 
cent acidity was preferred, however, there was little difference in 
preference for the remaining ice creams. 
TABLE 3.-RELATION OF THE ACIDITIES OF JCE CREAM CONTAINING 13.5 CENT SERUM SOLIDS 
TO THE CONSUMER ACCEPTANCE. 
Observations 0.08 
FLAVOR 
Desirability 
Typical • . . .. .. . .. .. • 58.7 
Cooked . .. .. .. .. . .. . 15.9 
Unnatural . . • .. . . . . . • 20.6 
Dairy Prod. . . . . • . . . . 4.8 
Richness 
Desirable .. .. .. .. .. . 57.1 
Lacking .. .. .. .. .. .. . 15.9 
Buttery . . . . . • . . . . . . . 9.5 
Too sweet . . . . . . . . . . 17.5 
Intensity 
Desirable . . • . . . . . . . . 42.9 
Submerged . . . . • . . . . • 37.5 
Pronounced • . . . . . . . . 19.6 
Serving Temp. 
Desirable •........ , • 44.3 
Too. warm . . . . • . . . . • • 4.9 
Too cold ........ , . • • 50.8 
BODY 
Smooth & mellow . • . • . . • 40.3 
Crumbly .. . .. .. .. .. .. .. 17.9 
·roo firm . . . . . . . . . . • . . . • 35.8 
Coarse .... .. .. .. .. ... .... 6.0 
Too soft . ..• ..•... • . ••• 
Soggy ............. .. .. . 
0.12 
48.5 
27.3 
18.2 
6.0 
57.6 
13.6 
10.2 
18.6 
45.8 
37.3 
16.9 
47.6 
11.1 
41.3 
32.3 
17.7 
45.2 
4.8 
4 
0. 18 
52.2 
16.4 
22.4 
8.9 
48.4 
17.7 
9.7 
24.2 
33.3 
38.9 
27.8 
48.3 
8.3 
43.4 
47.7 
26.2 
23.1 
1.5 
'1'.5 
0.24 
50.7 
4.5 
40.3 
4.5 
37.9 
20.7 
13.8 
27.6 
45.6 
29.8 
24.6 
42.9 
0.0 
57.1 
32.4 
28.4 
31.1 
6.8 
1.3 
Serving Temperature in Degrees Fahrenheit and Per Cent Acidity 
0.08 
56.1 
18.2 
18.2 
7.5 
44.3 
31.1 
19.7 
22.9 
46.3 
35.2 
18.5 
53.4 
8.3 
38.3 
47.4 
15,8 
15.8 
17.5 
1.7 
1.7 
0.12 
66.2 
16.9 
13.8 
3.1 
39.7 
9.5 
20.6 
30.2 
66. 1 
10.7 
23.2 
58.6 
32.8 
8.6 
46.0 
7.9 
38.1 
4.8 
1.6 
1.6 
8 12 
O.liS 
~4 
14.5 
2~2 
1~9 
51.8 
1~6 
&9 
1~6 
3~8 
2&3 
3~8 
6~6 
~6 
~8 
53.8 
20.0 
17.0 
9.2 
0.24 
73.8 
8.2 
14.7 
3.3 
61.5 
3.1 
9.2 
26.2 
72.7 
14.5 
12.8 
71.7 
18.9 
9.4 
58.1 
19.4 
8.1 
11.3 
3.2 
0.08 
51.7 
8.3 
33.3 
6.7 
38.7 
33.9 
4.8 
22.6 
56.6 
15. 1 
28.3 
40.7 
59.3 
0.0 
35.7 
12.5 
1.8 
17.9 
28.6 
21.4 
0.12 
5~8 
2~3 
17.2 
~7 
4~5 
11.5 
13.1 
V .9 
5~6 
15 
3~8 
52.5 
32.2 
15.3 
43.1 
7.7 
3.1 
10.8 
21.5 
13.8 
0.18 
54.3 
20.3 
22.0 
3.4 
34.5 
20.7 
13.8 
31.0 
59.2 
18.4 
22.4 
46.3 
46.3 
7.4 
35.6 
8.5 
1.7 
15.3 
27.1 
11 .8 
0.24 
61.8 
21.8 
10.9 
5.5 
41.1 
14.3 
12.5 
32.1 
60.4 
14.6 
25.0 
48.1 
50.0 
1.9 
34.5 
5.2 
1.7 
10.3 
29.3 
19.0 
0.08 
28.3 
18.3 
36.7 
16.7 
23.2 
26.1 
20.3 
30.4 
22.2 
33.3 
44.4 
13.3 
83.3 
3.6 
12.3 
1.5 
9.2 
49.2 
27.7 
0.1 2 
41.0 
23.0 
31.1 
4.9 
27.9 
14.8 
18.0 
39.3 
41.2 
23.5 
35.3 
15.8 
66.8 
17.5 
13.8 
1.5 
4.6 
55.4 
24.6 
16 
0.18 
44.1 
10.2 
32.2 
13.5 
37.9 
25.9 
13.8 
22.4 
35.8 
30.2 
34.0 
7.5 
92.5 
0.0 
10.4 
6.0 
55.2 
28.4 
0.24 
30.2 
15.1 
41.5 
13.2 
30.5 
15.3 
22.0 
32.2 
40.4 
19.1 
40.4 
15.5 
82.8 
1.7 
11.0 
1.6 
9.4 
~ 8.4 
29.6 
~ 
~ 
> 
::<l 
0 
P1 
iJj 
0 
E 
>-3 
z 
c.;> 
t-:1 
t-:1 
(.0 
TABLE 4.-THE EFFECT OF A VARIATION IN THE ACIDITIES OF ICE CREAMS CONTAINING 13.5 PER CENT SERUM SOLIDS UPON 
THE CONSUMER PREFEREN,CE AT DIFFERENT SERVING TEMPERATURES. 
Serving Per Cent Acidity 
Temperature· 0.08 0.12 0.18 0.24 
Degrees F. Preference Rank Per Cent Preference Rank Per Cent Preference Rank Per Cent Preference Rank Per Cent 
1st 28.8 1st 31.6 1st 29.5 1st 29.8 
4 3rd 2nd 40.7 1st 2nd 43.9 2nd 2nd 39.3 4th 2nd 22.8 
3rd 25.4 3rd 19.3 3rd 24.6 3rd 36.8 
4th 5.1 4th 5.3 4th 6.6 4th 10.5 
1st 31.6 1st 39.6 1st 41.9 1st 53.0 
8 4th 2nd 38.3 Jrd 2nd 30.2 2nd 2nd 35.5 1st 2nd 34.8 
3rd 18.3 3rd 24.5 3rd 14.5 Jrd 10.6 
4th 11.7 4th 5.6 4th 8.1 4th 1.5 
1st 36.7 1st 21.4 1st 24.6 1st 16.6 
12 1st 2nd 13:3 3rd 2nd 19.6 2nd 2nd 19.7 4th 2nd 25.9. 
3rd 40.0 Jrd 51.8 Jrd 50.8 Jrd 44.4 
4th 10.0 4th 7.1 4th 4.9 4th 13.0 
1st 1.7 1st 3.7 1st 5.0 1st 3.4 
16 2nd 2nd 6.7 4th 2nd 3.7 1st 2nd 6.7 Jrd 2nd 6.8 
3rd 18.3 3rd 7.4 Jrd 16.7 Jrd 8.5 
4th 73.3 4th 85.2 4th 71.7 4th 81.4 
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Fig. 1.-The effect of variation in acidity in ice cream containing 13.5 per cent serum solids 
upon consumer preference at different servmg temperatures. 
Figure 1 shows the flavor, body and texture, and final placings of 
13.5 per cent serum solids ice cream varying in acidity when judged 
at different serving temperatures. At 4 degTees Fahrenheit, ice cream 
having 0.08 per cent acidity was most desirable in flavor while that 
with 0.24 per cent acidity was the least desirable. However, at 16 
degrees Fahrenheit the product of 0.18 per cent acidity was judged 
first and that with 0.12 per cent acidity was preferred as second. 
Body preference at 4 and 8 degrees Fahrenheit showed the product 
containing 0.18 per cent acidity to be the most desirable. The ice 
cream having 0.12 per cent acidity was most desirable in body at 12 
degrees Fahrenheit, and that having 0.08 per cent acidity was chosen 
the most desirable in texture at 16 degrees Fahrenheit. As the serving 
temperature increased, the body of the lower acidity ice creams was 
preferred. 
The effect of variation in the acidities of ice creams containing 13.5 
per cent serum solids upon consumer acceptance at different serving 
temperatures is shown in Table 5. Ice cream containing 0.08 per cent 
TABLE 5.-THE EFFECT OF A VARIATION IN THE ACIDITIES OF ICE CREAMS CONTAINING 13.5 PER C
ENT SERUM SOLIDS UPON 
Observations 4 
FLAVOR 
Desirability 
Typical ••••• • . • . , . • . 58.7 
Cooked .. .. .. .... .. • 15.9 
Unnatural • . • , . , . .•• , 20.6 
Dairy Prod. .. .. • .. .. 4.8 
R ichness 
Desirable . , •••. ·•..•• 57.1 
Lacking • .. .. .. .. .. .. 15.9 
Buttery •....... , . . . . 9.5 
Too sweet .. .. .. .. .. 17.5 
Intensity 
Desirable . . . .. .. • .. . 42.9 
Submerged . . . . . . . . • • 37.5 
Pronounced . . . . . . . . • 19.6 
Serving Temp. 
Desirable .. .. .. .. .. . 44.3 
Too warm , . , . . . . • . . • 4.9 
Too cold . . . . . . • • . • . . 50.8 
BODY 
Smooth & mellow .. . , , . . 40.3 
Crumbly ............... 17.9 
Too firm . . . . . . . . . . . . . . . 35.8 
Coarse .... .. . .... .. ..... 6.0 
Too soft . • .. ..• ... • •..• 
Soggy ...•.....•••.. • . . • 
THE CONSUMER ACCEPTANCE AT DIFFERENT SERVING TEMPERATURES. 1 ! ,. · ~ ·• i·~ 
8 
56. 1 
18.2 
18.2 
7.5 
44.3 
31.1 
19.7 
22.9 
46.3 
35.2 
18.5 
53.4 
8.3 
38.3 
47.4 
15.8 
15.8 
17.5 
1.7 
1.7 
0.08 
12 
51.7 
8.3 
33.3 
6.7 
38.7 
33.9 
4.8 
22.6 
56.6 
15.1 
28.3 
40.7 
59.3 
35.7 
12.5 
1.8 
17.9 
28.6 
21.4 
16 
28.3 
18.3 
36.7 
16.7 
23.2 
26.1 
20.3 
30,4 
22.2 
33.3 
44.4 
13.3 
83.3 
3.6 
12.3 
1.5 
9.2 
49.2 
27.7 
Serving Temperatures in Degrees Fahrenheit and Per Cent Acidity 
4 
48.5 
27.3 
18.2 
6.0 
57.6 
13.6 
10.2 
18.6 
45.8 
37.3 
16.9 
47.6 
11.1 
41.3 
32.3 
17.7 
45.2 
4.8 
8 
66.2 
16.9 
13.8 
3.1 
39.7 
9.5 
20.6 
30.2 
66.1 
10.7 
23.2 
58.6 
32.8 
8.6 
46.0 
7.9 
38.1 
4.8 
1.6 
1.6 
0.12 0.18 
1~ 
57.8 
20.3 
17.2 
4.7 
47.5 
11.5 
13.1 
27.9 
59.6 
3.5 
36.8 
52.5 
32.2 
15.3 
43.1 
7.7 
3.1 
10.8 
21.5 
13.8 
16 
41.0 
23.0 
31.1 
4.9 
27.9 
14.8 
18.0 
39.3 
41.2 
23.5 
35.3 
15.8 
66.7 
17.5 
13.8 
1.5 
4.6 
55.4 
24.6 
4 
52.2 
16.4 
22.4 
8.9 
48.4 
17.7 
9.7 
24.2 
33.3 
38.9 
27.8 
48.3 
8.3 
43.4 
47.7 
26.2 
23.1 
1.5 
1.5 
8 
48.4 
14.5 
24.2 
12.9 
51.8 
19.6 
8.9 
19.6 
35.8 
28.3 
35.8 
60.6 
6.6 
32.8 
53.8 
20.0 
17.0 
9.2 
12 
54.3 
20.3 
22.0 
3.4 
34.5 
20.7 
13.8 
31.0 
59.2 
18.4 
22.4 
46.3 
46.3 
7.4 
35.6 
8.5 
1.7 
15.3 
27.1 
11.8 
16 
44.1 
10.2 
32.2 
13.5 
37.9 
25.9 
13.8 
22.4 
35.8 
30.2 
34.0 
7.5 
92.5 
10.4 
6.0 
55.2 
28.4 
4 
50.7 
4.5 
40.3 
4.5 
37.9 
20.7 
13.8 
27.6 
45.6 
29.8 
24.6 
42.9 
5i.i 
32.4 
28.4 
31.1 
6.8 
1.3 
0.24 
8 12 
73.8 61.8 
8.2 21.8 
14.7 10.9 
3.3 5.5 
61.5 41.1 
3.1 14.3 
9.2 12.5 
26.2 32.1 
72.7 . 60.4 
14.5 14.6 
12.8 25 .0 
71.7 48.1 
18.9 50.0 
9.4 1.9 
58.1 34.5 
19.4 5.2 
8.1 1.7 
11.3 10.3 
.. • 29.3 
3.2 19.0 
16 
30.2 
15.1 
41.5 
13.2 
30.5 
15.3 
22.0 
32.2 
40.4 
19.1 
40.4 
15.5 
82.8 
1.7 
11.0 
1.6 
9.4 
48.4 
29.6 
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TABLE 6.- RELATION OF TH E A CIDITIES OF !CE CREAMS CONTAINING 13.5 PER CENT S ERUM 
PREFERENCE EXPRESSED AT DIFFERENT T EMPERATURES. 
Serving Temperature Degrees Fahrenheit 
Per Cent 4 8 12 
Acidity P r eference Rank P er Cent P reference R ank P er Cent Preference Rank Per Cent 
1st 28.8 1st 31.6 1st 36.7 
o.os 1st 2nd 40.7 2nd 2nd 38.3 Jrd 2nd 13.3 
3rd 25.4 3rd 18.3 3rd 40.0 
4th 5.1 4th 11.7 4th 10.0 
1st 31.6 1st 39.6 1st 21.4 
0. 12 1st 2nd 43.9 2nd 2nd 30.2 3rd 2nd 19.6 
3rd 19.3 3rd 24.5 3rd 51.8 
4th 5.3 4th 5.6 4th 7.1 
1st 29.5 1st 41.9 1st 24.6 
0.18 2nd 2nd 39.3 1st 2nd 35.5 3rd 2nd 19.7 
3rd 24.6 3rd 14.5 3rd 50.8 
4th 6.6 4th 8.1 4th 4.9 
1st 29.8 1st 53.0 1st 16.6 
0.24 2nd 2nd 22.8 1st 2nd 34.8 3rd 2nd 25.9 
3rd 36.8 3rd 10.6 3rd 44.4 
4th 10.5 4th 1.5 4th 13.0 
S OLIDS TO THE 
16 
P reference Rank 
1st 
4th 2nd 
3rd 
4th 
1st 
4th 2nd 
3rd 
4th 
1st 
4th 2nd 
3rd 
4th 
1st 
4th 2nd 
3rd 
4th 
CONSUMER 
Per Cent 
1.7 
6.7 
18.2 
73.3 
3.7 
3.7 
7.4 
85.2 
5.0 
6.7 
16.7 
71.7 
3.4 
6.8 
8.5 
81.4 
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14 MISSOURI AGRICULTURAL EXRERIMENT STATION 
acidity was judged by more than 50 per cent of the judges as being 
typical in flavor at 4, 8, and 12 degrees Fahrenheit. : The richness of 
flavor was most desirable at 4 degrees Fahrenheit while the intensity 
of 0.08 per cent acidity ice cream was most desirable at 12 degrees. 
The most desirable serving temperature as recorded by 53 per cent 
of the judges was that of 8 degrees Fahrenheit. Ice cream containing 
0.12 per cent acidity was judged by 66 per cent of the judges as being 
typical in flavor at 8 degrees, and by 58 per cent as being typical at 12 
degrees Fahrenheit. The body was described as being smooth and 
mellow to too firm at 4 degrees Fahrenheit, smooth and mellow at 8 
degrees Fahrenheit, smooth and mellow to too soft and soggy at 12 
degrees Fahrenheit, and as being too soft and soggy at 16 degrees 
Fahrenheit. 
Final placings are sho·wn in Table 6 for the ice creams at different 
serving temperatures. Final preferences show that ice creams having 
0.08 and 0.12 per cent acidities were chosen first, second, third and 
fourth, respectively at the serving temperatures 4, 8, 12 and 16 degrees 
Fahrenheit. 
Figure 2 shows the flavor, body and texture placings, and final 
preference at different serving temperatures of ice creams varying 
in acidity. The flavor, body and texture of all the ice creams were 
preferred at 4 and 8 degrees Fahrenheit, and were least desirable at 
16 degrees Fahrenheit. In the final placing ice creams having the 
lower acidities of 0.08 and 0.12 per cent were preferred at 4 degrees 
Fahrenheit and those having the higher acidities of 0.18 and 0.24 per 
cent were preferred at 8 deg-rees Fahrenheit. 
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Fig. 2.-The effect of ser ving tt.~mperaturc upon consumer prderencc of 13.5 per cent serum 
solids ice crea.n1 varying in acidity. 
Series 2. Relation of Acidity Content of 15.0 Per Cent Serum 
Solids Ice Cream to the Consumer Acceptance at 
Different Serving Temperatures. 
Table 7 shows that at 4 degrees Fahrenheit 53 to 67 per cent of the 
judges described all the ice creams as being typical in flavor. The body 
was described as smooth and mellow to too firm at 4 degrees. At 8 
degrees Fahrenheit all the ice creams were described as being typical 
in flavor by 62 to 85 per cent of the judges. Ice cream having 0.24 
per cent acidity was described by 85 per cent of the judges as being 
typical in flavor, 70 per cent judged it desirable in richness, and 64 
per cent judged it as desirable in intensity of flavor. All the ice 
creams were described as being typical in flavor by 51 to 63 per cent 
of the judges at 12 degrees F~lirenheit. Ice cream with 0.12, 0.18, 0.24 
per cent acidity was described by 52 per cent of the judges as being 
TABLE 7.-RELATION OF THE ACIDITIES OF ICE CREAMS CONTAINING 15.00 PER CENT SERUM SOLIDS TO THE CONSUMER 
ACCEPTANCE. 
Per Cent Acidity and Sen•ing T emperatures 
4 degrees F. · 8 degrees F. 12 degrees F . 16 degrees F . 
Observations 0.08 0.12 0.18 0.24 0.08 0.1 2 0.18 0.24 0.08 0.12 0.1 8 0.24 0.08 0.12 0.18 0.24 
FLAVOR 
Desirability 
Typical .. ... . ... ...• 66.7 52.7 60.3 67.2 74.1 61.7 68.2 84.8 51.1 53.1 62.1 63.6 43.3 55.2 46.2 45.0 
Cooked .........•••• 3.0 5.5 7.4 6.0 6.9 3.3 7.6 1.5 11.7 8.3 8.4 10.1 10.0 13.4 12.3 8.3 
Unnatural ... .. .. .... 22.7 38.2 27.9 19.4 12.1 31.7 22.7 13.6 28.7 31.3 23.2 22.2 35.0 23.9 30.8 40.0 
Dairy Prod .......... 7.6 3.6 4.4 7.4 6.9 3.3 1.5 8.5 7.3 6.3 4.0 11.7. 7.5 10.8 6.6 ... 
Richness 
Desirable 57.4 64.3 54.8 59.3 65.5 62.7 54.2 70.5 36.6 52.7 51.7 51.2 39.1 44.1 38.5 39.7 
Lacking .. : : : : : : : : : : : 18.0 19.6 1-6.1 14.8 19.2 18.6 20.3 18.0 15.9 16.2 12.6 18.6 18.8 11.8 21.5 25.4 
Buttery . . ........... 9.8 3.6 12.9 5.6 6.8 6.8 6.8 3.3 18.3 6.8 16.1 9.3 10.9 14.7 16.9 14.3 
Too sweet ... ... ... , 14.8 12.5 16.1 20.4 19.0 11.9 18.6 8.2 29.3 24.3 19.5 20.9 31.2 29.4 23.1 20.6 
Intensity 
Desirable ...... . ...• 52.6 61.0 42.1 49.1 60.4 57.6 50.9 64.7 53.5 55.4 52.6 59.5 43.1 51.9 45.5 46.8 
Submerged ... . ... ..• 26.3 27.1 35.1 39.6 24.5 18.6 15.3 27.5 15.1 25.3 24.4 21.5 19.0 23.1 30.9 25.5 
Pronounced . . ....•• , 21.1 11.9 22.8 13.2 15.1 23.7 23.8 7.8 31.4 19.3 23.1 19.0 37.9 25.0 23.6 27.7 
Serving Temp. 
Desirable .......... , 43.8 27.9 39.7 41.7 54.2 67.9 67.9 56.7 33.3 44.2 34.1 43.7 26.8 27.7 30.-6 24.0 
Too warm . . .. .. . . .. . 1.6 1.6 5.0 15.3 1.9 1.9 5.0 54.4 47.4 53.8 44.8 69.6 67.7 69.4 74.0 
Too cold .... .. .. . ... 54.7 70.5 60.3 53.3 30.5 32.1 32.1 38.3 12.2 7.4 12.1 11 .5 3.6 4.6 ... 2.0 
BODY 
Smooth & mellow ... .... 40.0 33.8 17.3 36.4 58.1 37.7 43.2 66.2 38.2 38.0 46.4 42.6 20.9 22.4 24.0 25.3 
Crumbly .. .. . •.. .... ... 17.1 20.3 18.5 13.0 11.3 11.6 13.5 10.3 5.9 14.1 7.2 7.8 7.5 2.6 5.3 13.3 
Too firm . . ........ . . ... 33.0 35.1 41.8 33.8 16.1 21.7 20.3 14.7 2.0 2.2 3.1 11.3 1.3 1.3 
Coarse .. .... ..... ... .... 7.1 8.1 19.7 13.0 6.5 26.1 17.6 4,d 7.8 5.4 4.1 4.3 13.4 7.9 9.3 6.7 
Too soft .. . .... ... ... . • 2.8 i:S 2.6 6.5 5:4 1.5 26.5 17.4 16.5 17.4 31.3 39.5 26
.7 38.7 
Soggy ...... .... .... .... ... 2.7 1.3 1.6 2.9 2.9 19.6 22.8 22.7 16.5 26.8 27.6 33.3 14.7 
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TABLE 8.-THE EFFECT OF A VARIATION IN THE ACIDITIES OF !CE CREAMS CONTAINING 15.00 PER CENT SERUM SOLIDS UPON 
THE CONSUMER PREFERENCE AT DIFFERENT SERVING TEMPERATURES. 
Serving P er Cent Acidity 
Temperature 0.08 0.12 0.1 8 0.24 
Degrees F. Preference Rank Per Cent Preference Rank Per Cent Preference Rank Per Cent Preference Rank · Per Cent 
1st 37.1 1st 27.1 1st 16.9 1st 30.5 4 1st 2nd 21.0 2nd 2nd 37.3 4th 2nd 45.8 3rd 2nd 25.4 3rd 25.8 3rd 27.1 3rd 27.1 3rd 22.0 4th 16.1 4th 8.5 4th 10.2 4th 22.0 
1st 52.5 1st 54.3 1st 27.6 1st 44.1 8 2nd 2nd 27.9 1st 2nd 34.8 4th 2nd 39.7 3rd 2nd 35.6 3rd 8.2 3rd 8.7 3rd 24.1 3rd 10.2 4th 11.5 4th 2.2 4th 8.6 4th 10.2 
1st 25.8 1st 27.8 1st 31.9 1st 32.6 12 4th 2nd 21.5 2nd 2nd 21.1 1st 2nd 25.8 3rd 2nd 22.8 3rd 26.9 3rd 38.9 3rd 35.1 3rd 26.1 4th 25.8 4th 12.2 4th 7.2 4th 18.5 
1st 11.1 1st 16.6 1st 1.9 1st 7.0 16 2nd 2nd 12.7 1st 2nd 21.7 4th 2nd 17.0 3rd 2nd 7.0 3rd 15.9 3rd 21.7 3rd 17.0 3rd 24.6 4th 60.3 4th 40.0 4th 64.1 4th 61.4 
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18 MISSOURI AGRICULTURAL EXPERIMENT STATION 
desirable in richness while that having 0.08 per cent acidity was 
criticized as lacking in richness. This ice cream was described as 
typical in flavor by 43 to· 55 per cent of the judges at 16 degrees 
Fahrenheit. All of the ice creams at this temperature were criticized 
as being too warm by 67 to 74 per cent of the judges. The body was 
criticized as being too soft and soggy. 
Table 8 shows the final placings of ice creams containing 15.0 per 
cent serum solids with variable acidities when judged at different 
serving temperatures. At 4 degrees Fahrenheit , ice creams having 
0.08 and 0.12 per cent acidities were ranked first and second respective-
ly by 37 and 27 per cent of the judges. Ice cream having 0.12 per cent 
acidity was placed first by 54 per cent of the judges at 8 degrees 
Fahrenheit and that having 0.08 per cent acidity was placed second 
by 52.5 per cent of the judges. Over the entire range of temperatures, 
0.12 per cent acidity in ice cream was chosen by a majority of the 
judges, most consistently, as first or second preference. 
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Fig. 3.-The effect of variation in acidity in ice cream containing 15.0 per cent serum solids 
upon consumer preference at different serving temperatures. 
Fig. 3 gives the flavor, body and texture, and final placing of 15 
per cent serum solids ice cream, of variable acidity when judged at 
TABLE 9.-THE EFFECT OF A VARIATION IN THE ACIDITIES OF ICE CREAMS CONTAINING 15.00 PER CENT SERUM SOLIDS UPON 
THE CONSUMER ACCEPTANCE AT DIFFERENT TEMPERATURES. 
Observations 4 
FLAVOR 
Desirability 
Typical ............. 66.7 
Cooked · .. .. .. .•.... , 3.0 
Unnatural . . . . . . . . . . • 22.7 
Dairy Prod. , , , , , , . , , 7.6 
Richness 
Desirable . . . . . . . . . . . 57.4 
Lacking . .. . .. .. .. . .. 18.0 
Buttery . . . . . . . . . . . . • 9.8 
Too sweet . . . .. . . . .. 14.8 
Intensity 
Desirable . .... , . • . . . 52.6 
Submerged .... ..... , 26 .. 1 
Pronounced . .. . . . . .. 21.1 
Serving Temp. 
Desirable . . . . . . . . . . . . 43.8 
Too warm . . . . . . . . . . . 1.6 
Too cold . . ... . ... : :; --"54f 
BODY 
Smooth & mellow . . . . • . . 40.0 
Crumbly . . . . . . . .. . .. . .. 17.1 
Too firm .............. , 33.0 
Coarse .. ... . . . . . .. . ..... 7.1 
Too soft . . . . . . . . . . . . . . • 2.8 
Soggy .. ... ......... ... . 
8 
74.1 
6.9 
12.1 
6.9 
65.5 
19.2 
6.8 
19.0 
60.4 
. 24.5 
15.1 
54.2 
15.3 
30.5 
58.1 
11.3 
16.1 
6.5 
6.5 
1.6 
0.08 
12 
51.1 
11.7 
28.7 
8.5 
36.6 
15.9 
18.3 
29.3 
53.5 
15.1 
31.4 
33.3 
54.4 
12.2 
38.2 
5.9 
2.0 
7.8 
26 .5 
19.6 
16 
43.3 
10.0 
35.0 
11.7 
39.1 
18.8 
10.9 
31.2 
43.1 
19.0 
37.9 
26.8 
69.6 
3.6 
20.9 
7.5 
13.4 
31.3 
26.8 
Serving Temperature in Degrees Fahrenheit and Per Cent Acidity 
4 
52.7 
5.5 
38.2 
3.6 
64 .3 
19.6 
3.6 
12.5 
61.0 
27.1 
11.9 
27.9 
1.6 
70.5 
33.8 
20.3 
35.1 
8.1 
2.7 
8 
61.7 
3.3 
31.7 
3.3 
62.7 
18.6 
6.8 
11.9 
57.6 
18.6 
23.7 
67 .9 
1.9 
32.1 
37.7 
11.6 
21.7 
26.1 
2.9 
0.12 0.18 
I~ 
53.1 
8.3 
31.3 
7.3 
52.7 
16.2 
6.8 
24.3 
55.-t 
25.3 
19.3 
44.2 
47.4 
7.4 
38.0 
14.1 
2.2 
5.4 
17.4 
22.8 
16 
55.2 
13.4 
23 .9 
7.5 
44.1 
11.8 
14.7 
29.4 
51.9 
23.1 
25.0 
27 .7 
67.7 
4.6 
22.4 
2.6 
7.9 
39.5 
27.6 
~ 
60.3 
7.4 
27.9 
4.4 
54.8 
16.1 
12.9 
16.1 
42.1 
35.1 
22.8 
39. 7 
60.3 
17.3 
18.5 
41.8 
19.7 
2.5 
8 
68.2 
7.6 
22.7 
1.5 
54.2 
20.3 
6.8 
18.6 
50.9 
15.3 
23.8 
67.9 
1.9 
32.1 
43.2 
13.5 
20.3 
17.6 
5.4 
12 
62.1 
8.4 
23.2 
6.3 
51.7 
12.6 
16.1 
19.5 
52.6 
24.4 
23.1 
34.1 
53.8 
12.1 
46.4 
7.2 
3.1 
4.1 
16.5 
22.7 
16 
46.2 
12.3 
30.8 
10.8 
38.5 
21.5 
16.9 
23.1 
45.5 
30.9 
23.6 
30.6 
69.4 
24.0 
5.3 
1.3 
9.3 
26.7 
33.3 
4 8 
67 .2 84.8 
6.0 1.5 
19.4 13.6 
7.4 
59 .3 70.5 
14.8 18.0 
5.6 3.3 
20.4 8.2 
49.1 64.7 
39.6 27.5 
13.2 7.8 
41.7 56.7 
5.0 5.0 
53.3 .. "38."3 
36.4 
13.0 
33.8 
13.0 
2.6 
1.3 
66.2 
10.3 
14.7 
4.4 
1.5 
2.9 
0.24 
12 
63.6 
10.1 
22.2 
4.0 
51.2 
18.6 
9.3 
20.9 
59.5 
21.5 
19.0 
43.7 
44.8 
11.5 
42.6 
7.8 
11.3 
4.3 
17.4 
16.5 
16 
45.0 
8.3 
40.0 
6.6 
39.7 
25.4 
14.3 
20.6 
46.8 
25.5 
27.7 
24.0 
74.0 
2.0 
25.3 
13.3 
1.3 
6.7 
38.7 
14.7 
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TABLE 10.-RELATION OF THE ACIDITIES OF ICE CREAMS CONTAINING 15.0 PER CENT SERUM SOLIDS TO THE CONSUMER 
EXPRESSED IN PER CENT AT DIFFERENT SERVING TEMPERATURES. 
Serving Temperature in Degrees Fahrenheit 
Acidity 4 8 12 16 
Per Cent Preference Rank Per Cent Preference Rank Per Cent Preference Rank Per Cent Preference Rank Per Cent 
1st 37.1 1st 52.5 1st 25.8 1st 11.1 
0.08 2nd 2nd 21.0 1st 2nd 27.9 3rd 2nd 21.5 4th 2nd 12.7 
3rd 25.8 3rd 8.2 3rd 26.9 3rd 15.9 4th 16.1 4th 11.5 4th 25.8 4th 60.3 
1st 27.1 1st 54.3 1st 27.8 1st 16.6 
0.12 2nd 2nd 37.3 1st 2nd 34.8 3rd 2nd 21.1 4th 2nd 21.7 
3rd 27.1 3rd 8.7 3rd 38.9 3rd 21.7 
4th 8.5 4th ~.2 4th 12.2 4th 40.0 
1st 16.9 1st 27.6 1st 31.9 1st 1.9 
0.18 3rd 2nd 45.8 2nd 2nd 39.7 1st 2nd 25.8 4th 2nd 17.0 
3rd 27.1 3rd 24.1 3rd 35.1 3rd 17.0 
4th 10.2 4th 8.6 4th 7.2 4th 64.1 
1st 30.5 1st 44.1 1st 32.6 1st 7.0 
0.24 3rd 2nd 25.4 1st 2nd 35.6 2nd 2nd 22.8 4th 2nd 7.0 
3rd 22.0 3rd 10.2 3rd 26.1 3rd 24.6 
4th 22.0 4th 10.2 4th 18.5 4th 61.4 
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different serving temperatures. Ice cream containing 0.08 per cent 
acidity was first in body and texture preference, and first in final 
preference at 4 degrees Fahrenheit. Ice cream having 0.12 per cent 
acidity was placed first in flavor and body at 16 degrees Fahrenheit, 
second in final preference at 4 degrees Fahrenheit, and first in final 
preference at 8 and 16 degrees Fahrenheit. Ice cream containing 
0.18 per cent acidity was preferred first in flavor and final preference 
at 12 degrees Fahrenheit. While those having 0.24 per cent acidity 
were placed first in flavor at 4 and 8 degrees Fahrenheit, first in body 
and texture at 8 and 12 degrees Fahrenheit, yet in final preference 
placed only third at all the serving temperatures which were studied. 
The effect of serving temperature upon flavor and body observations 
of 15.0 per cent serum solids ice creams varying in acidities is shown 
in Table 9. At a serving temperature of 4, 8, and 12 degrees Pahr-
enheit the ice creams were desirable in serving temperatures studied 
8 degrees was the most desirable. Ice cream having 0.08 per cent 
acidity was judged by 43 to 74 per cent of the judges to be typical in 
flavor, while 74.1 per cent of the judges chose 8 degrees Fahrenheit 
as the most desirable serving temperature. The ice creams were 
criticized as being too cold and submerged at 4 degrees Fahrenheit, 
desirable at 8 and 12 degrees Fahrenheit, and too warm and pro-
nounced at ·16 degrees Fahrenheit. 
Table 10 shows the final placings at different serving temperatures 
of 15.0 per cent serum solids ice cream varying in acidities. Ice cream 
containing 0.08 per cent acidity was chosen first at 8 degrees and 
second at 4 degrees Fahrenheit. Ice creams containing 0.12 per cent 
acidity were similar in serving temperature preference to that having 
0.08 per cent acidity. However, ice cream containing 0.18 per cent 
acidity was chosen first at 12 degrees Fahrenheit and second at 8 de-
grees Fahrenheit. 
Figure 4 shows the flavor, body and texture preferences, and final 
placings of ice creams containing 15.0 per cent serum solids varying 
in acidities when judged at different serving temperatures. Ice' cream 
containing 0.08 per cent acidity was preferred in flavor, body and 
texture at 4 degrees Fahrenheit, while ice cream containing 0.12, 0.18, 
0.24 per cent acidity were preferred in flavor and body preference 
at 8 degrees Fahrenheit. All the samples were least desirable in flavor, 
body and texture, and final placing at 16 degrees Fahrenheit. 
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Fig. 4.-The effect of serving temperature upon consumer preference of 15 .. 0 per cent serum 
solids ice cream varying in acidity~ 
Series 3. The Relation of Total Solids Weight Per Gallon of Ice 
Cream at Different Serving Temperature to the Con-
sumer Acceptance. 
Flavor and body observations of ice cream varying in weight of 
total solids per gallon at different serving temperatures are shown in 
Table 11. When the ice creams were observed at 4 degrees Fahrenheit, 
50 to 67 per cent of the consumers found all the ice creams to be 
typical in flavor, 55 to 61 per cent reported the ice creams to be de-
sirable in richness, 51 to 61 per cent as desirable in intensity, and 60 
to 70 per cent of the judges found 4 degrees Fahrenheit as desirable 
serving temperature. 'rhe body of the ice cream having a total solids 
weight per gallon of 1.77 pounds per gallon was described by 68 per 
TABLE 11.-THE RELATION OF THE TOTAL SOLIDS WEIGHT PER GALLON OF ICE CREAM AT DIFFERENT SERVING TEMPERATURES TO THE CONSUMER ACCEPTANCE EXPRESSED IN PER CENT. 
Total Solids Weight Per Gal. of Ice Cream and Serving Temperature in Degrees Fahrenheit 
Observations 
---=-=~-:--;:-;::-4-:--=---::--;;-::- 8 12 16 1.65 . 1.77 1.90 2.06 1.65 1.77 1.90 2.06 1.65 1.77 1.90 2.06 1.65 1.77 
FLAVOR 
Desirability 
Typical ••.. . ...•••.• 
Cooked . •..•........ 
Unnatural .......•••• 
Dairy Prod .. ....... . 
Richness 
Desirable ..... .... . . 
Lacking . .... .. .. ••. . 
Buttery ..... . .... · .. . 
Too S\veet ......... . 
Intensity 
Desirable . . .... .. ..• 
Submerged ... . ... . . . 
Pronounced . . . .. . .. , 
Serving Temp. 
Desirable .•.•.. . .... 
ToO- warm .......... . 
.. Too ·Cold . ... ... .... . 
BODY 
50.0 
9.6 
28.8 
11.5 
54.9 ' 
9.8. 
7.8 
27.5 
51.2 
23.3 
25.6 
66.0 
7.5 
26.4 
Smooth & mellow . . . . . . . 49.1 Crumbly . . . . . . . . . . . . . . . 14.5 
Too ·firm • . . . . . . . . . . . . . . 21.8 Coarse . . . . . . . . . . . . . . .. . . 5.5 
Too soft . . . . . . . . . . . • . . • . .. 
Soggy . . . • . • • . • . • . . . . . . . 9.1 
66.7 
5.9 
23.5 
3.9 
57.9 
10.5 
17.5 
19.3 
60.0 
17.8 
26.7 
60.0 
12.0 
28.0 
68.5 
4.7 
18.5 
7.4 
67.3 
20.4 
12.2 
61.8 
14.5 
9.1 
14.5 
55.6 
20.0 
24.4 
70.0 
14.0 
16.0 
63.5 
9.6 
11.5 
11.5 
·3:8 
64.3 
8.9 
14.3 
12.5 
60.7 
7.1 
14.3 
17.9 
61.2 
10.2 
28.6 
67.3 
5.5 
27.3 
48.3 
11.7 
25.0 
5.0 
10.0 
55.8 
~7 
3~2 
~3 
52.3 
2~3 
~8 
116 
%.3 
~8 
~8 
81.4 
9.3 
9.3 
40.4 
23.1 
13.5 
15.4 
7.7 
57.4 
7.4 
31.5 
3.6 
46.3 
18.5 
11.1 
24.1 
62.8 
11.6 
25.6 
72.5 
13.7 
13.7 
56.1 
!2.3 
I 0.5. 
5.3 
1.8 
14.0 
54.2 
6.3 
33.3 
6.3 
47.9 
20.8 
12.5 
18.8 
54.8 
23.8 
21.4 
68.8 
8.3 
22.9 
34.7 
36.1 
9.7 
15.3 
4.2 
65.4 
1.9 
21.2 
11.5 
43.1 
17.2 
17.2 
22.4 
41.3 
34.8 
23.9 
55.7 
1.9 
42.3 
49.2 
11.1 
15.9 
17.5 
6.3 
66.7 
9.5 
21.4 
2.4 
55.3 
17.0 
6.4 
21.3 
56.1 
26.8 
17.1 
31.3 
62.5' 
6.3 
49.1 
7.3 
1.8 
5.5 
5.5 
30.9 
66.0 
4.3 
25.5 
4.3 
46.4 
21.4 
8.9 
23.2 
46.3 
31.7 
22.0 
36.7 
63.3 
37.0 
11.1 
1.9 
13.0 
9.3 
27.7 
42.2 
8.9 
33.3 
15.6 
46.0 
20.0 
2.0 
32.0 
41.7 
27.8 
30.6 
38.8 
53.1 
8.2 
18.5 
14.8 
11.1 
9.3 
46.3 
53.1 
8.1 
28.6 
10.2 
45.8 
16.7 
6.3 
3.1 
47.5 
22.5 
30.0 
34.7 
51.0 
14.3 
16.4 
8.2 
4.9 
21.3 
11.5 
37.7 
40.8 
16.3 
30.6 
12.2 
41.5 
17.1 
7.3 
34.1 
39.5 
20.9 
39.5 
17.3 
80.8 
1.9 
9.8 
9.8 
29.5 
23.0 
27.9 
47.9 
17.7 
31.3 
4.2 
41.3 
15.2 
8.7 
34.8 
35.9 
20.5 
43.6 
17.3 
78.8 
3.9 
16.1 
3.6 
23.2 
35.7 
21.4 
1.90 
50.0 
6.3 
39.6 
41.7 
46.0 
20.0 
4.0 
30.0 
31.7 
20.9 
51.2 
10.2 
77.6 
12.2 
16.1 
7. 1 
33:9 
21.4 
21.4 
2.06 
41.2 
19.6 
27.5 
11.8 
49.0 
16.3 
6.1 
28.6 
25.6 
23.1 
51.3 
19.2 
75.0 
5.8 
15.8 
3.5 
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TABLE 12.-THE EFFECT OF A VARIATION IN THE TOTAL SOLIDS WEIGHT PER GALLON OF IcE CREAM UPON THE CONSUMER 
PREFERENCE AT DIFFERENT SERVING TEMPERATURES. 
Serving W eight of Total Solids in Pounds Per Gallon 
Temperature 1.65 1.77 1.90 2.06 
Degrees F. Preference Rank Per Cent Preference Rank P er Cent Preference Rank Per Cent Preference Rank Per Cent 
1st 16.7 1st 39.1 1st 31.1 1st 27.5 
4 4th 2nd 28.6 1st 2nd 17.4 2nd 2nd 28.9 3rd 2nd 27.5 
3rd 16.7 3rd 32.6 3rd 24.4 3rd 17.5 
4th 38.1 4th 10.9 4th 15.6 4th 27.5 
1st 16.0 1st 28.0 1st 33.3 1st 24.5 
8 4th 2nd 22.0 2nd 2nd 26 .0 1st 2nd 35.4 Jrd 2nd 20.4 
3rd 26;0 3rd 28.0 3rd 16.7 3rd 26.5 
4th 36.0 4th 18.0 4th 14.6 4th 28.6 
1st 8.7 1st 32.7 1st 38.0 1st 28.9 
12 4th 2nd 37.0 1st 2nd 28.6 2nd 2nd 14.0 3rd 2nd 13.3 
3rd 37.0 3rd 24 .5 3rd 26.0 3rd 20.0 
4th 17.4 4th 14.3 4th 22.0 4th 37.8 
1st 30.8 1st 21.1 1st 23.5 1st 43.2 
16 4th 2nd 12.8 Jrd 2nd 23.7 2nd 2nd 26.5 1st 2nd 27.0 
3rd 10.3 3rd 42.1 3rd 23.5 3rd 13.5 
4th 46.2 4th 13.2 4th 26.5 4th 16.2 
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cent of the judges as smooth and mellow while 63 per cent of the judges described ice cream with 1.90 pounds total solids per gallon 
as smooth and mellow. All the ice creams were described as being 
typical in flavor by 54 to 65 per cent of the consumers at 8 degrees 
Fahrenheit. Ice cream having 2.06 pounds total solids per gallon was 
described as typical in flavor by 65 per cent of the judges. The prod-
uct having 1.77 and 1.90 pounds per gallon was chosen as desirable in 
intensity of flavor by 53 and 55 per cent of the judges respectively. 
Over 80 per cent of the judges thought ice cream having 1.65 pounds 
total solids per gallon was desirable at a serving temperature of 8 
degrees Fahrenheit. The flavor observations made at 12 degrees 
Fahrenheit by the judges paralleled those observations made at 8 de-
grees Fahrenheit. A majority of the judges preferred ice cream 
having 1.77 and 1.90 pounds total solids per gallon at 16 degrees 
Fahrenheit. The ice creams were criticized in flavor as being too 
pronounced, and the serving temperature as being too warm. An 
increase in total solids per gallon intensified the defect of too pro-
nounced flavor. 
Table 12 gives the final observations and placings of ice creams of 
variable total solids per gallon when served at different temperatures. 
Ice cream with 1.77 and 1.90 pounds of total solids per gallon, served 
at 4 and 8 degrees Fahrenheit was preferred by 70 and 61 per cent 
of the judges respectively while only 44 and 40 per cent preferred 
1.65 and 2.07 pounds total solids per gallon. 
Fig. 5 shows the flavor, body and texture, and final placings of ice 
creams varying in total solids per gallon when served at different 
temperatures. Ice cream with 1.65 pounds total solids per gallon was. 
placed 4th at all serving temperatures in flavor, body and final plac-
ing while in texture it was placed 4th at 4, 8, and 16 degrees Fahren-
heit but first at 12 degrees Fahrenheit. Ice cream with 1.77 pounds. 
total solids per gallon was ranked first in flavor preference at 4 
degrees Fahrenheit, first in texture at 4 and 8 degrees Fahrenheit" 
and first in final preference at 4 and 12 degrees Fahrenheit. Ice 
cream having 1.90 pounds total solids per gallon placed first in flavor-
preference at 12 degrees Fahrenheit, first at 4 and 8 degrees Fahren-
heit in body preference, and first at 8 degrees Fahrenheit in final 
preference. Ice cream having 2.06 pounds total solids per gallon 
placed first in flavor, texture and final placing at 16 degrees. 
Fahrenheit. 
The flavor and body observations at the different serving tempera-
tures of ice creams varying in total solids per gallon is given in Table· 
13. Ice cream having 1.65 pounds total solids per gallon was described. 
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Fig. 5.-The effect of variation in total solids weight per gallon of ice cream upon consumc:r 
preference at cliffer~nt serving temperature. 
as typical in flavor and most desirable in richness and intensity of 
:flavor at 12 degrees Fahrenheit. A serving temperature of 8 degrees 
was selected as the most desirable. Ice cream containing 1.90 pounds 
total ;solids per gallon was preferred throughout as desirable in :flavor 
at '4· degrees Fahrenheit. The body of ice cream containing 1.77 
pounds total solids per gallon was observed by a majority of the 
judges as being smooth and mellow. Ice creams at 12 and 16 degrees 
were criticized as being too soft. 
Final placings are shown in Table 14. Both the low and the high 
total _ stil.ds per gallon · ice creams, 1.65 and 2.06 pounds, were pre-
ferred at a serving temperature of 16 degrees Fahrenheit. Ice creams 
having a total solids per gallon of 1.77 and 1.90 pounds per gallon 
w;.e're p1'eferred at 4 and 8 degrees Fahrenheit. 
TABLE 13.-THE RELATION OF A VARIATION IN THE TOTAL SOLIDS WEIGHT PER GALLON OF ICE CREAM AT DIFFERENT SERVING TEMPERATURES TO THE CONSUMER PREFERENCE EXPRESSED IN PER CENT. 
Serving Temperature in Degrees Fahrenheit and Total Solids \Veight Per Gallon 1.65 1.77 1.90 2.06 Observations 4 8 12 16 4 8 12 16 4 H 12 16 4 8 12 16 FLAVOR De~frability 
Typical so.o · 55.8 66.7 40.8 66.7 57.1 66.0 47.9 67.3 54.2 42.2 50.0 64.3 65.4 53.1 41.2 
......... ... . 
Cooked 9.6 4.7 9.5 16.3 5.9 7.4 4.3 16.7 6.3 8.9 6. 3 8.9 1.9 8.1 19.6 Unnaturai .::::::::::: 28.8 37.2 21.4 30.6 23.5 31. 5 25.5 31.3 20.4 33.3 33.3 39.6 14.3 21.2 28.6 27.5 Dairy PrmL .. •....... 11.5 2.3 2.4 12.2 .. 3.9 3.6 4.3 4.2 12.2 6.3 15.6 41.7 12.5 11.5 10.2 11.8 Richness Desirable 54.9 52.3 55.3 41.5 51.9 46.3 46.4 41.3 61.8 47.9 46.0 46.0 60.7 43.1 45.8 49.0 Lacking .. : : : : : : : : : : : 9.8 27.3 17.0 17.1 10.5 18.5 21.4 15.2 14. 5 20.8 20.0 20.0 7.1 17.2 16.7 16.3 Buttery ......•.. . . . . 7.8 6.8 6.4 7.3 17. 5 11.1 8.9 8.7 9.1 12.5 2.0 4.0 14.3 17.2 6.3 6.1 Too sweet .......... 27.5 13.6 21.3 34.1 19.3 24.1 23.2 34.8 14.5 18.8 32.0 30.0 17.9 22.4 3.1 28.6 Intensity Desirable .. ......... 51.2 46.3 56.1 39.5 60.0 62.8 46.3 35.9 55.6 54.8 41.7 31.7 61.2 41.3 47.5 25.6 Submerged ······-···· 23.3 26.8 26.8 20.9 17.8 11.6 31.7 20.0 20.0 23.8 27.8 20.9 10.2 34.8 22.5 23.1 Pronounced ..... . ... 25.6 26.8 17.1 39.5 26.7 25.6 22.0 43.6 24.4 21.4 30.6 51.2 28.6 23.9 30.0 51 .3 Serving Temp. Desirable ........... . 66.0 81.4 31.3 17.3 60.0 72.5 36.7 17. 3 70.0 68.8 38.8 10.2 67.3 55.7 34.7 19.2 Too warm .. ... ... .. . 7.5 9.3 62 .5 80.8 12.0 13.7 63.3 78.8 14.0 8.3 53.1 77.6 5.5 1.9 51.0 75.0 Too cold ............ 26.4 9. 3 6.3 1.9 28.0 13.7 ... 3.9 16.0 22.9 8.2 12.2 27.3 42.3 14.3 5.8 · - -BODY 
Smooth & mellow . . .. ... 49.1 40.4 49.1 9.8 68.5 56.1 37.0 16.1 63.5 34.7 18.5 16.1 48.3 49.2 16.4 15.8 ~~~mJ'Ji,. . :::: :::: ;::-:;·::• 1N 23.1 7.3 9.8 4.7 12.3 11.1 3.6 9.6 36.1 14.8 7.1 11.7 11.1 8.2 3.5 ·u.s·· 1.8 18.5 10.5 1.9 11.5 9.7 25.0 15.9 4.9 Coarse ....... .. . . ....... 5. 5 15.4 5.5 29.5 7.4 5.3 13.0 23.2 11.5 15.3 1].1 33.9 5.0 17. 5 21.3 26.3 'l'oo soft ......... , . .... 5. 5 23.0 . .. 1.8 9.3 35.7 9.3 21.4 
1.0 .. 0 11.5 24.6 Soggy . . .. ... . . . . . ...... 9.1 7.7 30.9 27.9 . .. 14.0 27.7 21.4 3.8 4.2 46.3 21.4 6.3 37. 7 29.8 
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TABLE 14.-RELATION OF THE TOTAL SOLIDS WEIGHT PER GALLON OF IcE CREAM TO THE CONSUMER PREFERENCE EXPRESSE-D 
IN PER CENT AT DIFFERENT SERVING TEMPERATURES. 
Total Solids Serving Temperatures in Degrees Fahrenheit 
Weight Per 4 8 12 16 
Gal, Pounds Preference Rank Per Cent Preference Rank Per Cent Preference Rank Per Cent Preference Rank Per Cent 
1st 16.7 1st 16.0 1st 8.7 1st 30.8 
1.65 4th 2nd 28.6 Jrd 2nd 22.0 2nd 2nd 37.0 1st 2nd 12.8 
3rd 16.7 3rd 26.0 3rd 37.0 Jrd 10.3 
4th 38.1 4th 36.0 4th 17.4 4th 46.2 
-- -· 
1st ·39.1 1st 28.0 1st 32.7 1st 21.1 
1.77 1st 2nd 17.4 2nd 2nd 26.0 3rd 2nd 28.6 4th 2nd 23.7 
3rd 32.6 3rd 28.0 3rd 24.5 3rd 42.1 
4th 10.9 4th 18.0 4th 14.3 4th 13.2 
1st 31.1 1st 33.3 1st 38.0 1st 23.5 
1.90 2nd 2nd 28.9 1st 2nd 35.4 3rd 2nd 14.0 4th 2nd 26.5 
3rd 24.4 3rd 16.7 Jrd 26.0 Jrd 23.5 
4th 15.6 4th 14.6 4th 22.0 4th 26.5 
--
1st 27.5 1st 24.5 1st 28.9 1st 43.2 
2.06 Jrd 2nd 27.5 4th 2nd 20.4 2nd 2nd 13.3 1st 2nd 27.0 
.Jrd 17.5 3rd 26.5 3rd 20.0 3rd 13.5 
4th 27.5 4th 28.6 4th 37.8 4th 16.2 
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Fig. 6 shows the consumer preferences of the flavor, body, and tex-
ture in ice cream varying in total solids weight per gallon. 
/ 
/ 
/165 POlJI.OS ___ _ 
/ 1.77 POUND:>--
1.90 POUNDS •......... 2.0C5 POUNDS_. _ _ _ 
4 8 12 
Serving Temperature in Degrees Fahrenheit Final Placing 
.. ····' I ST. 
4T LL-__:L-~=---" 4T 4TH . ._ .. -=='-_.___,.... ICI 4 8 12 4 12 4 8 12 
Serving Temperature in ·Degrees .. Fahrenheit Flavor Preference Body Preference !rextu1"e Preference 
Fig. 6.-The effect of serving temperature upon consumer preferettce of ice cream varying in total solids weight per gallon. 
Relation of Acidity, Total Solids Weight Per Gallon, Variable 
Increments of Dry Milk Solids, Mineralized Milk Solids, and 
Different Serving Temperatures to the Texture and 
Physical Structure of Ice Cream. 
Figures 7 to 10 inclusive, illustrate that serving temperature in-
fluences the texture of ice creams to a moderate degree. The texture 
becomes closer as the serving temperature is increased. As the 
acidity was increased the texture became coarse and had a rougher 
appearance. Increased total solids content per gallon gave a firmer, 
closer texture with a heavier body and became slightly doughy at 
a total solids of 2.06 pounds per gallon. On the other hand a total 
30 MISSOURI AGRICULTURAL EXPERIMENT STATION 
. t...: 4 
' 
v1 
,w 
l w 
~ 
.0 
w 
0 
iZ 8 
-
w 
0:: 
:::> 
1-
<( 
0:: 
w 
a. 
2 
w 
1-
0 
z 
> 
0:: 
w 16 (/) 
Fig. 7.-The effect of a variation in acidity and serving temperature upon the texture of ice 
cream containing 13.5 per cent serum solids. 
solids per gallon of 1.65 pounds resulted in an open texture. Variable 
increments of dry milk solids and mineralized dry milk solids ap-
peared to have little effect on the texture of the resultant ice creams. 
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Fig. 8.-The effect of a variation in acidity and serving temperature upon the texture of ice cream containing lS._Q per cent serum solids. 
32 MISSOURI AGRICULTURAL EXPERIMENT STATION 
Fig. 9.-The effect of a variation in total solids weight per gallon and serving temperature 
upon the texture of ice cream. 
RESEARCH BULLETIN 322 
Fig. 1 0.-The effect of a variation in increments of dry milk solids and mineralized dry milk solids and serving temperature upon the texture of ice cream. 
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Photomicrographs of the several ice creams studied are shown in 
Figs. 11 to 14 inclusive. As the acidity was decreased from 0.24 to 
0.12 per cent in ice cream containing 13.5 per cent serum solids, the 
ice crystals become smaller and appeared to be covered ·with a thin 
film. The bounding material or matrix became more opaque. The ice 
I 
I 
' 
Q24 PER CENT ACIDITY 0.18 PERCENT ACI.DITY 
O.i2 PER CENT ACIDITY 008 PER CENT ACIDITY 
Fig. 11.-Photomicrographs showing influence of a variation in acidity of ice cream 
containing 13.5 per cent serum solids upon the structure of ice cream. 
crystals are larger and better defined at 0.24 per cent acidity. In ice 
cream containing 15 per cent serum solids this effect is not so notice-
able. An increase in serum solids resulted in a closer knit structure 
and a more ablmdant matrix, and a variation in total solids per gallon 
had an important bearing on the physical structure of ice cream. 
A total solids content of 2.06 pounds per gallon resulted in the forma-
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0.24 PER CENT ACIDITY 0.1 e PER CENTA@PFTY 
I 
I 
io.12 PER CENT ACIDITY O.Oe PER. CENT ACIDITY 
Fig. 12.-Photomicrographs showing influence nf a variation in acidity of ice cream 
containing 15.0 per ·cent serum solids upon the structure of ice cream. 
tion of large ' and rather irregular shaped ice crystals. This same 
effect was · al~() noticeable in ice creams having only 1.65 pounds total 
solids per gallon. Ice creams having 1.90 pounds and 1.77 pounds 
total solids per gallon were the most desirable and gave a smaller and 
more uniform shaped ice crystal. 
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·2.06. POUNDS 
85 . PER CENT 
.1.77 P()I.JN DS ' 
115> PE~ C:ENT 
1.90 POUNDS 
· I 00 PER CENT 
t65 PQLINDS 
130 . PER CENT; 
Fig. 13.-Photomicrographs showing influence of a variation in total solids weight 
per gallon upon the structure of ice cream. 
Fig. 14.-Photomicrographs showing influence of variable increments of dry milk solids 
and mineralized dry m1lk solids upon the structure of ice cream. 
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·.::.:?f-:t.;· _. · ·:::?:;~~ri;~?w\~.~ih~~}:· .: ··. , ·. >·..:· :,.::~>L. . .>),~.~s~p:r~?'t ·~ 
Relatigl1; of:!,l~i?ity, Total Solids Weight Per<;,Gal~g~} Variable 
Inc~~tn.ents' of Dry Milk Solids and Mineral;Zed ·Dry Milk 
· Solids, and Different Serving Temperatures to the 
" Stability of Ice Cream. 
Servirig 'td,nperatures appeared to have a moderate influence on the 
stability of the ice creams studied. The lower serving temperatures of 
4 and 8 degrees Fahrenheit resulted in greater stability of ic~ creams 
tempered at these serving temperatures than did the higher serving 
temperatures of 12 anc1 16 degrees Fahrenheit. 
0 RIG INA LICE . C R~A .. ¥ EX POSED 30 M IN UT E S 
Fig. 15.-The relation of a~ldit; '' an'd serving temperatti're .. to. the stability of 13.5 per cent 
serum solids ice cream .. 
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Fig. 15 shows that acidity also has an important influence on the 
stability of 13.5 per cent serum solids ice cream. As the acidity was 
increased from 0.08 per cent to 0.24 per cent there was a marked de-
crease in the stability of the ice creams. 
However, it can be seen, from Fig. 16, that acidity had little or no 
effect on stability of ice cream with a serum solids content of 15 per 
cent. The added serum solids tends to offset the increased stability in 
the ice creams with lower acidities. 
PER CENT ACIDITY 
0.08 0-12 0.18 0.24 0.08 0.12 0-18 0.24 
• • • • 
• • • • 
• • • • 
• • Ill II .7 7:::·~m~ 
ORIGINAL ICE CREAM 
• • • - .... & a .. ..... 
• • • • .. .& ... -. . ~· ~ .. , 
• • a Ill a & • a 
• • • • A & • .. . - ···.!I 
-
EX PQS ED 60,M I NUT-E.$ EX POSED 90 MINUTES 
Fig. 16.-The relation of acidity and serving temperature to the stability of 15.0 per cent 
serum solids ice cream . 
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. Fig. 17 indicates that total solids weight per gallon resulting from 
variable overruns has a very marked effect on the stability of the 
resultant ice creams. A decreased total solids content per gallon (an 
increased overrun) gave a greater stability in the ice creams. A total 
solids content of 1.65 pounds per gallon or an overrun of 13.0 per cent 
was the most stable, and the stability became progressively less as th~ 
overrun was decreased. 
Fig. 17.-The relation of variable total solids weight per gallon and serving temperature to the 
stability of ice cream. 
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Fig. 18 shows the relationship of variable increments of dry milk 
solids and mineralized dry milk solids to stability at different serving 
temperatures. The most stable ice cream appears to be that in which 
3 per cent of the serum solids is made up with dry milk solids and 
6 per cent with mineralized dry milk solids. 
Fig. 18.-The relation of variable increments of dry milk solids and mineralized dry milk 
solids a.nd serving temperature to the stability of ice cream. 
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Relation of Acidity, Total Solids Per Gallon, Variable Increments 
of Dry Milk Solids and Mineralized Dry Milk Solids, and 
Different Serving Temperatures to the Average Weight 
of Dishers of Ice Cream. 
Table 15 shows the relation of acidity of ice cream containing 13.5 
per cent serum solids to the average weight of dishers of ice cream 
when served at different temperatures. The effect of acidity did not 
appear to be constant at all serving temperatures studied. An in-
crease in acidity from 0.08 per cent to 0.24 per cent resulted in an 
increase in the average weight per dipper, at the serving temperature 
of 4 degrees Fahrenheit, while . at 8 degrees Fahrenheit an increase 
in acidity of the ice creams from 0,08 to 0.18 per cent resulted in a 
decrease in the average weight per disher, and at 0.24 per cent acidity 
there is a marked increase in a,;erag~' weight per dipper which was the 
largest average weight per disher of the series. The relationship is 
constant at 12 degrees Fahrenheit. An increase in acidity from 0.08 to 
0.24 per cent gave an increase weight per disher. 
TABLE 15.-RELATION OF ACIDITY TO THE AVERAGE WEIGHT OF DISHERS OF 
IcE CREAMS CONTAINING 13.5 PER CENT SERUM SOLIDS 
SER.VED AT DIFFERENT TEMPERATURES. 
Temperature Acidity Net Weight Number of 
Average Weight 
of Dishers 
Degrees F. Per Cent Lbs. Oz. dishers Ounces 
4 0.08 11 14.7 131 1.456 
4 0.12 11 14.5 136 1.400 
4 0.18 11 3.7 119 1.510 
4 0.24 8 14.0 92 1.543 
8 0.08 12 5.7 124 1.594 
8 0.12 13 1.0 136 1.529 
8 0.18 9 10.0 101 1.524 
8 0.24 10 10.1 103 1.651 
12 0.08 9 6.7 98 1.538 
12 0.12 10 5.0 103 1.601 
12 0.18 8 13.7 87 1.629 
12 0.24 9 3.5 87 1.695 
16 0.08 9 1.1 103 1.408 
16 0.12 9 12.0 100 1.560 
16 0.18 8 1.6 91 1.424 
16 0.24 10 93 1.408 
Table 16 shows the relation of acidity of ice cream containing 15.0 
per cent serum solids to the average weight per disher. An increase 
in acidity in the ice creams from 0.08 to 0.18 resulted in an increase in 
the average weight per disher at 4 and 8 degrees Fahrenheit and in 
the product having 0.24 per cent acidity a slight decrease in the 
average weight per disher occurred. Ice cream having 0.12 per cent 
acidity gave the largest average weight per disher at a serving tem-
perature of 12 and 16 degrees Fahrenheit. In summarizing the 
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TABLE 16.-RELATION OF ACIDITY TO THE AVERAGE WEIGHT OF DISHERS OF 
ICE CREAMS CONTAINING 15.0 PER CENT SERUM SOLIDS 
SERVED AT DIFFERENT TEMPERATURES. 
Temperature Acidity Net Weight Number of 
Average Weight 
of Dishers 
Degrees F. Per Cent Lbs. Oz. dishers Ounces 
4 0.08 9 7.0 105 1.438 
4 0.12 11 3.0 105 1.704 
4 0.18 10 13.0 97 1.783 
4 0.24 10 4.0 94 1.744 
8 0.08 11 103 1.708 
8 0.12 10 12.0 94 1.829 
8 0.18 10 13.0 93 1.860 
8 0.24 10 4.0 95 1.726 
12 0.08 10 12.0 95 1.810 
12 0.12 10 14.5 93 1.876 
12 0.18 10 12.0 97 1.773 
12 0.24 10 15.0 96 1.823 
16 0.08 10 3.0 94 1.734 
16 0.12 10 15.5 90 1.950 
16 0.18 10 8.0 106 1.584 
16 0.24 10 10.0 100 1.700 
relation of acidity of ice cream to the average weight of dishers of 
ice cream at different serving temperatures, it may be stated that the 
effect of acidity is not always constant and in all probability serving 
temperature is equally as important in determining the average weight 
per disher as is acidity. The greatest average weight per disher oc-
curred at 8 and 12 degrees Fahrenheit while the smallest average 
weight per disher occurred at 4 degrees Fahrenheit. 
Table 17 shows the relationship of total solids per gallon of ice 
cream, as a result of a variation in overrun, to the average weight 
per disher of ice cream at different serving temperatures. At 4 and 
TABLE 17.-RELATION OF THE TOTAL SoLIDS WEIGHT PER GALLON OF ICE 
CREAM TO THE AVERAGE WEIGHT OF DISHERS OF ICE CREAM 
SERVED AT DIFFERENT TEMPERATURES. 
W eight of Total 
Solids Per Gallon Average W eight 
Temperature Overrun Net Weight Number of of Dishers 
Degrees F. P ounds P er Cent Lbs. Ozs. Dis hers Ounces 
4 1.65 130 10 9.0 101 1.673 
4 1.77 115 10 5.0 100 1.650 
4 1.90 100 10 13.0 110 1.572 
4 2.06 85 11 112 1.571 
8 1.65 130 9 7.0 86 1.755 8 1.77 115 10 15.0 100 1.750 
8 1.90 100 10 2.0 99 1.636 8 2.06 85 11 108 1.629 
12 1.65 130 10 6.0 115 1.443 12 1.77 115 10 15.0 112 1.562 12 1.90 100 11 1.0 96 1.843 12 2.06 85 11 7.0 99 1.848 
16 1.65 130 9 8.0 120 1.266 16 1.77 115 10 6.0 124 1.338 16 1.90 100 11 13.0 134 1.410 16 2.06 85 11 2.0 121 1.471 
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8 degrees Fahrenheit an increased total solids per gallon, produced 
by a decrease in overrun, resulted in a proportionately smaller average 
weight per disher. At 12 and 16 degrees Fahrenheit a decreased 
total solids per gallon, produced by .an increase in overrun, resulted 
in an increased average weight per disher. Serving temperature 
determines whether variable total solids weight per gallon of ice 
cream, brought about by a variation in overrun, will result in an 
increased or decreased average weight per dipper. The largest average 
weight per disher occurred at 12 degrees Fahrenheit and the smallest 
average weight per dipper was obtained at 4 degrees Fahrenheit. 
Table 18 shows the relation of a variable increment of dry milk 
solids and mineralized dry milk solids to the average weight of dish-
ers of ice cream when served at different temperatures. As observed 
at the four serving temperatures used in this investigation, ice cream 
in which a major proportion of the serum solids was derived from dry 
milk solids, resulted in a large average weight per disher but less 
dips to the gallon of ice cream. Ice cream in which the major pro-
portion of the serum solids was made up with mineralized dry milk 
solids resulted in a smaller average weight per disher but more dishers 
per gallon of ice cream. 
TABLE 18.-RELATION OF THE SOURCE OF SERUM SOLIDS IN IcE CREAM (DRY 
MILK SOLIDS AND MINERALIZED DRY MILK SOLIDS) TO THE AVERAGE 
WEIGHT OF DISHERS OF ICE CREAM AT DIFFERENT TEMPERATURES. 
Source of 
Serum Solids Average Weight 
Temperature Per Cent Net Weight Number of of Dishers 
Degrees F. D.M.S. M.D. M.S. Lbs. Oz. Dishers Ounces 
4 .1.0 6.0 10 4.5 98 1.6785 
4 6.0 3.0 10 3.0 91 1.7910 
4 9.0 10 8.0 92 1.826 
4 4:S 9.0 9 9.0 99 1.5.15 4 4.5 11 4.0 101 1.872 
8 .1.0 6.0 10 8.0 98 1.714 
8 6.0 ,1.0 11 8.0 108 1.704 8 9.0 11 3.0 98 1.826 
8 
4:S 
9.0 8 88 1.454 
8 4.5 11 6".6 100 1.820 
12 .1.0 6.0 10 8~0 111 1.514 
12 6.0 3.0 10 15.0 110 1.591 
12 9.0 10 5.0 95 1.736 
12 
4:5 
9.0 7 14.0 76 1.657 
12 4.5 11 2.0 101 1.1762 
16 3.0 6.0 10 8.0 115 1.461 
16 6.0 3.0 11 2.0 11 4 1.561 16 9.0 10 7.0 113 1.477 16 9.0 9 7.0 109 1.385 16 4.5 4.5 11 5.0 11 7 1.547 
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Observations on the Keeping Qualities of the Ice Creams in the 
Hardening Room 
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Observations were made of the ice creams in the hardening room 
at frequent intervals, and at the end of one month ice cream having 
0.12 per cent acidity had definitely the best flavor and body. Ice 
cream having 0.24 per cent acidity had developed a rather metallic 
flavor, while the ice cream with 0.08 per cent acidity was criticized as 
having a powdery taste. The product with 1.77 pounds total solids 
per gallon had a slightly superior flavor. ·while the ice cream having 
1.65 pounds total solids was described as lacking or fiat in flavor 
ice cream with 2.06 pounds total solids per gallon was described as 
having a pronotmced dairy products flavor. 
DISCUSSION 
An analysis of the physical and chemical properties of the mixtures 
studied, indicates that variable acidities, had little effect on the sur-
face tension but had a marked influence on the viscosity. Standard-
ization of the acidity changed pH proportionately. 
The consumer preference was greatest for ice cream containing 0.12 
per cent acidity, with preference being about equally divided between 
ice creams having 0.08 and 0.18 per cent acidity. 
Rather than treat the standardization of acidity of ice creams in 
terms of titratable acidity, it would be more accurate to use the pH 
values as a criterion for standardization. It was found that the 
serum solids content definitely influences the pH values. Ice cream 
containing 13.5 per cent serum solids had pH values of 6.8, 6.9, 7.65, 
and 8.50 at acidities of 0.08, 0.12, 0.18 and 0.24 respectively. Con-
sumer preference indicated that ice creams of a neutral pH or 
perhaps slightly alkaline ice creams are preferable. In this investi-
gation titratable acidity values between 0.12 and 0.18 per cent 
gave pH values of 7 or slightly higher depending upon the serum 
solids content of the ice creams. 
Ice cream containing 1. 77 pounds total solids per gallon was pre-
ferred by a majority of the consumers and ice cream with 1.90 pounds 
total solids weight per gallon was second in preference. Ice cream 
having 2.06 pounds total solids per gallon was described as being too 
pronounced and somewhat unnatural in flavor and soggy in body at 
the higher serving temperatures. The product having 1.65 pounds 
total solids per gallon was described as lacking in flavor and sweet-
ness, but with increased serving temperatures this defect was less 
noticeable. The body was criticized as 'having more defects and fewer 
judges described it as being smooth andmellow than any of the other 
ice creams studied. 
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Macrophotographs of the texture of ice creams showed that as the 
acidity increased the texture became coarse. The texture of ice cream 
containing 1.65 pounds total solids per gallon was open while the tex-
ture of ice cream containing 2.06 pounds total solids per gallon was 
very close. 
Photomicrographs of the structure of ice creams showed that with 
decreased acidity there appeared to be a decrease in the size of ice 
crystals in ice cream containing 13.5 serum solids. The most regular 
shaped ice crystals occured in ice creams having 0.12 and 0.18 per cent 
acidity. A thin film appeared to cover the ice crystals at the lower 
acidities. A decrease in ice crystal size with decreased acidity was 
not so apparent in ice cream containing 15 per cent serum solids. Ice 
creams with 1.65 and 2.06 pounds total solids weight per gallon gave 
a larger rather irregular shape ice crystal, while ice cream with 1.77 
and 1.90 pounds total solids per gallon gave smaller more regular 
shaped ice crystals. 
Stability studies showed that an increased viscosity in the initial 
mix tended to give greater stability in the finished ice cream which 
contained 13.5 per cent serum solids. In ice cream containing 15.0 
per cent serum solids a more uniform stability over the range of acidi-
ties studied was observed. The increased viscosity in the mix having 
an acidity of 0.08 per cent may be due to a hydration of some of the 
basic mineral salts in the standardizing agent used to reduce the 
acidity to the desired values. In the removal of some of the free 
water of the mix there is a consequent increase in the viscosity. 
A decrease in the total solids per gallon caused by an increase in 
the overrun gave a greater stability in the ice cream due to the forma-
tion of a minute air cell structure with increased incorporation of 
air. Minute air cells act as an effective insulating barrier against the 
transmission of heat. The more minute the air cell structure, the 
greater the stability of ice cream. 
Dipping studies show that serving temperature is one of the primary 
factors affecting the average weight of ice cream per disher. Acidity, 
total solids weight per gallon, variable increments of dry milk solids 
and mineralized dry milk solids affect the average weight per disher 
for each serving temperature. At all serving temperatures, ice cream 
having 0.24 per cent acidity had a greater average weight per disher 
than ice cream containing 0.08 per cent acidity, however, ice creams 
containing 0.12 and 0.18 per cent acidity did not conform with this 
trend in all cases. A decreased total solids content or an increased 
overrun at 4 and 8 degrees Fahrenheit, caused a proportionately larger 
average weight per disher because of a loss of some of the overrun in 
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the dipping process due to the increased resistance offered by the 
firmer ice creams. However, at 12 and 16 degrees Fahrenheit there 
is very little resistance to the dipping process with little or no loss 
in overrun and consequently a larger average weight per disher occurs 
with an increased total solids content. The largest average weight 
per disher occurred at 12 degrees Fahrenheit and the smallest average 
per disher at 4 degrees Fahrenheit. For ease of dipping, 8 degrees 
Fahrenheit was most desirable. 
CONCLUSIONS 
1. Acidity, variable total solids weight per gallon, and serving tem-
perature had an important influence on consumer acceptance, crystal-
line structure, stability, dipping qualities and keeping qualities of 
ice creams. 
2. A serving temperature of 8 degrees l~ahrenheit was preferred 
by a majority of the consumers. 
3. Ice cream in which the initial mix was standardized to a pH 7 or 
slightly higher was preferred. In this investigation titratable acidity 
values between 0.12 and 0.18 per cent acidity calculated as lactic acid, 
resulted in a pH 7 or slightly higher depending on the serum solids 
content of the mix. 
4. Macrophotographs show that ice cream having 0.12 and 0.18 per 
cent acidity and a total solids weight per gallon of 1.77 gave the most 
desirable texture. 
5. Microscopic study of the ice creams indicated that standardizing 
the acidity to 0.12 per cent and a total solids weight per gallon of 
1.77 and 1.90 pounds per gallon resulted in a smaller more uniform 
shaped ice crystal. . 
6. Macroscopic pictures of the stability of ice creams show that the 
viscosity of the initial mix is an important factor as relates to the 
stability of the resultant ice cream and that increased viscosity in the 
initial mix results in a more stable .ice cream. 
7. A decrease in the total solids per gallon with an increase in 
overrun, gave a more stable ice cream due to the development of a 
minute air cell structure which serves as an effective insulating mate-
rial. 
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